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Table 1- Components and chemical composition of experimental diets (based on dry matter)

Jol€ sa dile s ol d o5l cudigo 320

barley silage particle size
152 o il s 5 30 40 60 40
Component of Concentrate (%)
s JolS wisle 5N 40 59.84 40 59.84
Barley silage
Yo mls 60 40.16 60 40.16
Concentrate

(s sule LS 5o 5 (SIS Sl 5 @i s BB (35 5 plaad LSS
Chemical composition and Metabolizable Energy (MCAL/kg of DM

(Saa sule a8 LS 5o (5,8 Ko) 3l 5 i g 18 (5353 246 240 245 239
Metabolizable Energy (Mcal/ kg of DM)
(S&a sube wimyu) ala 185 5 5 14.34 13.56 14.37 13.56

Crude protein (% of DM)

[(NENR- PRI AT TSES v PEN
Degradable protein (% of CP)
(50t b yame Kbl sule a SIS 5 5o a S) Tle 5 od s Ll (55,9710 86.70 96.90 86.30
Metabolizable Protein (g/kg of DMI)

73.70 77.10 73.20 77.0

(i sobs wumy0)g 5l o leac 270 280 270 2.80
Ether Extract (% of DM)
(S sulo dum59) (BA (goui sk 53 Jslasls LI 37.50 43.50 37.00 43.50

NDF (% of DM)
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Table 2. The results of visual assessment, flieg points and degradation parameters of
coarse and fine barley silage

La yuite e 5 320 3% obae sllaa Slagae mlais
Parameters Coarse silage Fine silage Standard error P-value
S 135 1350 0.50 1.00
Smell quality
olinle mas 3.75 3.50 0.47 0.58
Structural quality
&, 2.00 1.75 0.18 0.16
Color
JS o 19.25 18.75 0.71 0.44
Total Score
KA subs 33.002 27.33° 0.82 0.001
DM (%)
pH 4.20° 3.96° 0.04 0.003
Y&l o ya 98.88 96.15 0.97 0.471
Flieg Point
() Snd sule soiyudad sladaiol
Degradability parameters (% of DM)
303 g Gl 1411 14.66 0.473 0.228
Rapid degradability fraction (a)

FRVCI 8 56.19 54.10 0.156 0.096
Slow degradability fraction (b)
w3a3 ol s il Lads 70.25 68.76 0.33 0.436

Potential degradability fraction (a+b)

(P<e/v0) wals oo L sua G Lo Sae MEAT Sile (s A Ho wldne jue g
Means within same row with different letters differ significantly (P<0.05)
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Table 3- Particle size distribution and quantity of physical effective fiber of the experimental diets used in four
experimental periods

BTy ALY M}lc jvu.m CI\J'J aj\ﬁ\ MJJ B'S) ‘)‘J‘;\M C.Lu.n

Barley silage particle size coarse fine SEM P-value

b)ﬁiLadS da ) 40 60 40 60 H‘JJ ").h-." ")BL"“AS C-L""‘ d‘ui“‘ )3‘
Concentrate (%) Particle sizeConcentrate levelsinteraction

(£) SN 58 55,5 swibe 3L Kb sule
Particle size, % of DM retained on sieves

e Sl N4 34.57236.64220.9522.83°6.12  0.033 0.811 0.577
19 mm

S e A 7.90 849 446 754 118 0.139 0.432 0.191
8mm

Sie he VA 55.2°54.3766.52%64.0026.72  0.041 0.610 0.089
1.18 mm

E-PRRESYIV 2.29° 0.48° 8.07% 5.132 1.15 0.009 0.344 0.068
<1.18 mm

T S8 09 Bhe Jele 39.46° 46.12226.37°31.36"6.69  +0.022 0.435 0.860
pefs.o

TS Gus S55e Jele 93.68% 99.5% 91.90°94.84%1.16  0.009 0.609 0.051
Pef1.18

(1) (Saoab S5 5e LI 18.632 17.572 9.42> 9.45° 3.77  0.017 0.738 0.919
peNDFs0, % of DM

(7) ° Sooad S 5e LM 41.542 40.09°36.96°40.3620.44  0.077 0.674 0.059
peNDF1.1s, % of DM

(550 o ) (owtin pSile 13.97213.91210.81°10.84°1.22  0.013 0.900 0.871
Xgm, mm

(50 ohie) (oewaia (pSilie Hlas ilyant 1700 163 1.59 1.51 0.15 - - -
Sgm, mm

(P<e/v0) aals o la sjua G Hlo Sae AR Sile (s s o wldne jue g

Means within same row with different letters differ significantly (P<0.05)
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Table 4- Nutrients intake and digestibility in experimental diets fed to sheep

B [BALS M}h‘. j)\:\u Q\JJ a)‘ﬁ\ Cu..f:)d B'S) JL\L.?.‘M Gku

Barley silage particle size coarse fine SEM P-value

DJS.ILAAAS la ) 40 60 40 60 Q‘JJ U\m\ aJBJLuuS C.ku d;ls:m )3‘

Concentrate (%) Particle Concentrate Interaction
size levels

(590 09 pSLS) B e

Intake (kg/day)

KA sube 155  1.33° 1.632 1,572 0.05 0.536 0.002 0.178

DM

A (geas g 5 Jslasls L) 0.64*  0.68* 054>  0.64 0.02 0.013 0.014 0.039

NDF

Y Sa 3 5 g SLull 0.23*¢  0.25*  0.10° 0.13° 0.03 0.036 0.474 0.265

peNDF

¥ sSaad i ge Sl 0.51 0.57 0.44 0.59 0.57 0.047 0.195 0.112

peNDF

(aemy9) peaa calls

Digestibility (%)

S sole 57.8% 57.9% 5319° 64.92 1.71 0.016 0.014 0.01

DM

Sl sals 478> 529% 491>  58,0° 2.37 0.017 0.009 0.112

oM

ala 55 79.83 75.0 7541  72.89 2.71 0.255 0.215 0.671

CP

A (geds g 5o Jslasls LI 16.62 2324 2118 21.78 3.72 0.488 0.139 0.277

NDF

(P<i/o0) wils o Lo s ua G Hlo Are AT Kl Cliay sa jo wldie jue e
Means within same row with different letters differ significantly (P<0.05)
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Table 5- Nitrogen balance (g) and N retention (g per day) in sheep fed experimental diets
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Barley silage particle coarse fine SEM P-value
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Concentrate (%) Particle ConcentrateInteraction
size levels
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Intake nitrogen
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Absorbed nitrogen
ol sada 538 1.11 1.16 1.42 1.49 0.20 01.05 0.742 0.962
N excretion in urine

21.86° 22,12 24.83* 25.007 3.69 0.022 0.251 0.123

(390 09 pUS) od sl ()5 9 3
N retained (g/day)
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Means within same row with different letters differ significantly (P<0.05)
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Table 6- Purine derivatives and microbial protein synthesis in sheep fed experimental diets
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barley silage particle coarse fine SEM P-value
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Concentrate (%) Particle ConcentrateInteraction
size levels

(oo oo dse sl ) Luos oliize K 1833 17.16 18.83 18.15 4.23 0.125 0.166 0.715

Total purine derivative (Mmol/d)

(550 09 #5) roSae G552 69.16° 54.99° 100.07° 91.05% 12.93 0.044 0.024 0.109

Microbial protein (g/day)
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Means within same row with different letters differ significantly (P<0.05)
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Table 7. The effect of experimental diets on time of eating, ruminating and chewing activity

s Jel€ dsle 30w L3 8310l ey Slaine
Barley silage particle size coarse fine SEM P-value
55l em ya 40 60 40 ol 83l o LS s Joliie 31

Concentrate (%)

Particle sizeConcentrate levels Interaction

(s 29 5b0) SI 53 e oo 252.5% 240.0* 187.5°203.7° 7.8 0.001 0.817 0.115
Time of Eating (min/day)

(s o0 8B0) Ll ol 452.5* 45252 316.2°351.3°31.6  0.005 0.279 0.190
Time of rumination (min/day)

(5 9 €83) Sassa oled 705.0% 692.5% 603.8"555.0°34.5  0.001 0.229 0.303

Time of chewing activity
(42:3).. 5L 5 5151 4 B ume o)
Eating time per different nutrients (min)

Saa sobe 161.0* 154.0° 124.0°126.0°11.9  0.004 0.122 0.038
DM

SRR e s 59 Jslaels LI 394.0° 375.02 302.0°319.0°19.3  0.001 0.702 0.133
NDF
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Rumination time per different nutrients (min)

Saa sobe 293.0° 304.0* 217.0°245.0 7.6 0.001 0.123 0.047
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ES gediy s 5o Jslaels SL 706.0° 735.02 585.0°652.0°13.1  0.003 0.210 0.401
NDF

(4850)  5LS 58 151 4 Qs Ole)
Chewing activity per different nutrients (min)

LiaaA sule 435.0° 459.0% 343.0°390.0° 4.1  0.006 0.102 0.032
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SR geai st o Jslasls 3Ll 1100.071112.0°890.0°972.0°14.2  0.007 0.196 0.621
NDF
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Means within same row with different letters differ significantly (P<0.05)
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Introduction: In Iran, Barley silage is considered much lower than the other silages. Barley can
provide perfect fodder for ruminants in early spring, when other forage are not available.

This experiment was conducted to determine the effects of barley silage particles size and levels of
concentrate on feed intake, digestibility, nitrogen balance microbial protein Synthesis and eating,
Rumination and chewing activity in Kermani sheep.

Material and methods: The experiment was carried out in sheep farms of Department of Animal
Science, Shahid Bahonar University of Kerman. Iranian conventional varieties of barley grain was
grown in the farm of agricultural faculty in November 2011. About 1200 kg of barley fodder were
harvested in green stems and doughy seeds condition, and chopped in sizes 24 and 12 mm and was
ensiled in plastic bags without any additives. Silos were opened after 45 days and evaluate the
physical properties and visual appraisal of barley silage. Experimental diets were: 1) 40 percent coarse
barley silage and 60 percent concentrate 2) 60 percent coarse barley silage and 40 percent concentrate
3) 40 percent fine barley silage and 60 percent concentrate 4) 60 percent fine barley silage and 40
percent concentrate. Four mature male sheep weighing 52 +4/0 were used in the experiment. Sheep
were kept in metabolic cages and had free access to feed and fresh water and were assigned randomly
to 2x2 factorial dietary treatments in a changeover design experiment. The experiment consisted of
four periods, the experimental periods were 21 d each and included an adaptation period (d 1 to 14),
a data collection period (d 15 to 20) and chewing behavior (d 21).

Results and discussion: There was no significant difference in visual appraisal of silages, however
pH was lower in fine barley silage (P=0.003). The pef, peNDF and geometric mean were higher in
coarse barley silage diets. Dry matter intake was influenced by the levels of concentrate (p=0.02) and
were higher on diets with 60% concentrate, but barley silage particles size had no effect on dry matter
intake. NDF intake was influenced by the silage particles size and concentrate levels and was the
lowest in the diet of 60% concentrate and fine barley silage particle size (p=0.05). Dry and organic
matter digestibility were influence by barley silage particles size and concentrate levels, the highest
dry and organic matter digestibility were in diet of fine silage particle size and 40% concentrate level
(P<0.05). Crude protein and NDF digestibility weren’t affected by silage particles size and
concentrates levels. Nitrogen intake was affected by concentrate levels, and the lowest nitrogen intake
was in diet of coarse barley silage and 40% concentrate (P<0.05). But nitrogen retention was higher
in fine silage particles size diets (P<0.05). Microbial protein synthesis in the rumen, were affected by
barley silage particles size (P=0.044) and concentrate levels (P= 0.024), microbial protein synthesis
increased with the silage particles size reduction and increased levels of concentrate. Also, the
synthesis of microbial protein in the rumen increases in low physically effective fiber diets, the
protein degradation rate was increased and amount of non-degradable protein in the rumen was



decreased with decreasing forage particles size. Also, the synthesis of microbial protein in the rumen
increases in low physically effective fiber diets, Because of the decrease protozoa and reducing
recycling nitrogen in the rumen (Yang and Beauchemin 2006). VVakil Faraji et al. (2009) reported an
increase in concentrate in the diet causes an increase in protein production in the rumen. This increase
may be due to increased organic matter digested in the rumen as a result of increasing levels of
concentrate to forage. Eating time (minutes per day) in the diets of coarse barley silage was higher
(P=0.001). Eating time increased linearly with increasing forage particle size (Kononoff et al., 2003;
Yang and Beauchemin, 2006). Also eating time increases with an increase in the geometric mean
particles size of forage (Leonardi et al. 2005). Eating time per kg of dry matter and NDF intake was
higher in diets of coarse barley silage (P=0.004 and p=0.001 respectively), Kononoff et al. research
results (2003) and Teimouri Yansari et al. (2004) showed that the eating time per kg of dry matter
was affected by forage particle size and decreased with reducing forage particle size. The interaction
was significant between the size of barley silage and two levels of concentrate on the time of eating
per kilogram of dry matter intake, because in the coarse barley silage the eating time was reduced by
decreasing the concentrate level while in diets of fine silage, this time increased by decreasing
concentrate levels. Zebeli et al. (2006) and Yang and Beauchemin (2007) showed that eating time
was reduced per kilo of NDF by reducing the size of forage particles size. The ruminating time
(minutes per day) was higher in coarse silage diets (P=0.005), Probably the reason for the increase in
Ruminating time was due to decrease in rate of passage of large particles of silage through the rumen
and high rumen retention time (Firkins et al., 1998). Coarse forage fibers have a great effect on the
formation of rumen mat and stimulate Ruminating and ruminal movements (Mertens 1997).
Therefore, the rumen mat is very important in adjusting the retention time of small particles in the
rumen by selective ruminal Persistence (van soest 1994). The Ruminating time per kg of dry matter
and NDF (minutes) was higher in coarse silage diets (P<0.05). Forage particles larger than 1.18 mm
have the highest resistance to rumen passage and are responsible for the Inducing of ruminating
(Mertens 1997). Chewing time (minutes per day) was higher in coarse silage diets (P= 0.001), also,
the chewing activity time per kg of dry matter and NDF was affected by the size of the silage particles
size. It has been reported that by increasing the effective physical fiber, the total chewing and
Ruminating time increased linearly (YYang and Beauchemin 2006).

Conclusion: The highest dry and organic matter digestibility were in 40 percent concentrate and fine
barley silage diet, because contact with the rumen microorganism was increased with the silage
particle size reduction.

Keywords: Geometric mean, Physically effective fiber, Rumen parameters, Rumination



